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54 : Polishing Element and Method for Mirror Polishing of Silicon 
Semiconductor Body 

71: Applicant: Showa Denko Co. Ltd. 

Specification 

1 . Title of the Invention 

Polishing Element and Method for Mirror Polishing of Silicon 
Semiconductor Body 

2. Claims 

( 1 ) A polishing tool element for mirror polishing comprising 
a porous unsaturated polyester resin form containing 30-7 0 by 
weight of dispersed irregular shaped silica particles, and the 
form has a porosity factor between 3 0 to 65 % and the majority 
of the pores are in a size range of 0.5-10 //m. 

(2) A method for producing a mirror polished surface on a 
silicon semiconductor body using a polishing tool element for 
mirror polishing comprising a porous unsaturated pplyester 
resin form containing 3 0-7 0 by weight of dispersed irregular 
shaped silica particles, and the form has a porosity factor 
between 30 to 65 % and the majority of the pores are in a size 
range of 0.5-10 jum, while supplying an aqueous solution 
containing a base substance at the interface. 

3. Detailed Explanation of the Invention 



1 



This invention relates to a polishing element for mirror 
polishing a semiconductor body and a method for mirror polishing 
using the polishing element. 

Polishing methods widely employed for polishing silicon 
semiconductor body (wafer) are based on slicing a single or 
polycrystalline silicon crystal, lapping the slices using 
polishing slurry containing fused alumina powder or silicon 
carbide powder of about 10 m diameter, followed by mirror 
polishing using a slurry containing fine powder of silica. 
This mirror polishing is carried out in two or three stages. 

In the lapping process, a lapping disk made of cast iron 
and the like is used, and in the next mirror polishing process, 
a lapping disk made by bonding a polishing cloth made of 
polyurethane fiber to the lapping disk is us,ed. 

Such silicon wafers thus produced by the polishing 
process are required to fulfill requirements such as a high 
degree of flatness, a fine surface roughness, and low level 
of induced stress from the polishing process. Therefore, 
particularly in the mirror polishing process , it is extremely 
undesirable that coarse polishing particles and foreign 
objects , such as dust particles and chipped pieces of the wafer, 
to become mixed in the slurry so that the process cannot be 
carried out by circulating the slurry, and it has been necessary 
to use the flow-through method. 

Therefore, the cost of mirror polishing the wafers is 
higher than the costs associated with mirror polishing of metals 
and glasses which can use spent slurry by recirculating, and , 
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the process also results in production of a large volume of 
waste liquid* 

Also, the polishing cloth used in the mirror polishing 
process is sensitive to the condition of the surface nap so 
that it is necessary to frequently change the polishing cloth. 

Because of such problems in the slurry-based polishing 
methods, such as the necessity to switch polishing cloth and 
waste liquid handling, there has been proposals to replace the 
slurry method with a method based on solid polishing forms. 
For example, glasses are mirror polished using a polishing tool 
formed from a porous polyester resin block containing a 
dispersion of Zr0 2 , Ca0 2 , Fe 2 0 3 (Japanese Laid-open Patent 
Publication No. 52-79398). 

However, for those polishing objects such as silicon 
wafers that require a higher precision of surface finish, it 
is considered difficult to use conventional polishing forms 
for mirror polishing. In fact, it has been discovered that a 
polishing form made using fine particles of Ce0 2 , Zr0 2 , Fe 2 0 3 
fixated in a resin leaves a high level of residual stress on 
the wafers . 

Also, even for a slurry-based polishing method utilizing 
fine particles of irregular shaped silica, normal method of 
dispersing is not able to produce mirror polishing. 

This invention resulted from our intensive efforts to 
solve some of the problems in the conventional methods . It has 
enabled for the first time to produce a polishing form that 
can produce a mirror polished surface on semiconductor 



3 



polishing objects by dispersing in irregular shaped silica fine 
powder in a porous unsaturated polyester resin at by specifying 
the amount of a dispersed phase, porosity size and porosity 
factor . 

This invention will be explained in detail in the 
following. 

First discussed will be the irregular shaped silica 
powder. This is the so-called white carbon whose primary 
particles size is very small at less than 0.05 jum. This 
material is dispersed in the formed body of this invention. 
The amount of dispersion required for mirror polishing of 
silicon wafers is 30-70 w/o, but if the value is less than 30 
w/o, the polishing speed is too slow to be practical, and if 
it exceeds 70 w/o, the surface tends to become susceptible to 
scratches, and these values outside of the range are not 
desirable. 

The resin that can be used for this purpose is limited 
to unsaturated polyester resin, and replacements such as 
polyvinyl alcohol resins or ph*enol resins do not produce the 
same effects as this invention even if they are in a porous 
form. Unsaturated polyester resin is represented by 
unsaturated polyester obtained by reacting unsaturated dibasic 
acid such as f umaric acid and maleic acid with divalent alcohol 
such as ethylene glycol and diethyleneglycol , and dissolving 
the reaction product in vinyl group monomers such as styrene, 
vinyl acetate and methylmethacrylate. The material is a 
viscous oily liquid before it hardens and is insoluble in water. 
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In this invention, this resin material is made into a hardened 
porous form as described later. 

In general , the role of porosity in polishing forms is 
quite important , but the porosity distribution is dependent 
on the type of binder (resin) , abrading particles and the object 
to be polished, and because they are mutually interactive, it 
is difficult to predict the behavior of a mixture. 

For mirror polishing of silicon wafers using polishing 
forms based on polyester resin as the binder and irregular 
silicon as the abrading particles, it is necessary to have a 
composition such that the majority (over 80 %) of the porosity 
is comprised by a porosity factor between 35-65 %, a pore 
diameter in a range of 0.1-1.0 //m, from the viewpoint of 
obtaining high precision polished surface and high polishing 
efficiency. 

If the porosity factor is less than 35%, polishing speed 
is too slow to be practical, and if it exceeds 65 %, not only 
the polishing speed is lowered but the surface finish is 
degraded. 

Also, if the porosity size is too large, polishing speed 
becomes low, and if it is too small, the polishing form wears 
out quickly, and neither condition is desirable. 

Polishing elements having the structure mentioned above 
can be made into various forms such as a cylindrical form, and 
in polishing silicon wafers, one or a plurality of such forms 
is affixed to one end of a disk table and polishing is carried 
out using the other end. Particularly, if several such pieces 
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are fixed to the disk table with some spacing therebetween, 
waste products produced by polishing action are discharged in 
the spaces between the pieces and polishing can be carried out 
quite effectively . 

The method of making the polishing element is as follows. 
First, an oil-water emulsion is produced by mixing liquid 
unsaturated polyester so that water is dispersed as fine 
droplets. Silica powder is then mixed in the emulsion and is 
dispersed uniformly in the emulsion, which is then dehydrated 
and hardened. The porosity factor can be controlled by 
adjusting the amount of water, and the size of the pores can 
be controlled by adjusting the composition of the unsaturated 
polyester resin and hardening conditions and the like. 

Next, a method of using the polishing element to carry 
out mirror polishing will be described. 

Lapped surface of silicon wafer can be mirror polished 
by using the polishing element and water, but it is preferable 
to use an aqueous solution of a base-group substance. Such base 
materials include hydride compounds such as Na^Ca and the like, 
carbonates of Na : K, ammonia, class 1 or class 2 aliphatic 
compounds and aromatic amine and others . 

The mechanism of mirror polishing is generally referred 
to as mechanochemical polishing, and is considered to be a 
process of mechanically removing gel-like substances such as 
oxide or hydrides formed on the surface of silicon with 
irregular silicon abrading particles. The formation of 
gel-like substances is enhanced by the presence of a base 
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substance. 
Examples 

A white colored oil-water emulsion was produced by adding 
water in droplets to 100 grams of unsaturated polyester resin 
containing 30 % styrene (condensed product of anhydrous maleic 
acid and diethyleneglycol ) with 1 g of cobalt octoe acid as 
a hardening promoter , 3 grams of triethanolamine as an 
emulsifier together with 2 00 mL of water stirred in the 
emulsion. 

To this emulsion is added 150 grams of irregular shaped 
silica powder (made by Philadelphia Quartz Company, Quso G-32 , 
ultimate particle size 0.02 //m in an agglomeration of 0.5 ju 
m) while stirring the mixture slowly to wet the powder surfaces . 
Next, 2 grams of methylethylketone peroxide as a hardener is 
added and stirred. The mixture thus produced is hardened at 
room temperature. After taking the form out of the mold, it 
is heated at 110 °C for 8 hours to complete the hardening process 
by removing the moisture from the product. The pellet forms 
thus produced is a disk of 13 mm diameter and 3 mm length having 
a porosity factor of 54 % and the majority of porosity is 
distributed in a range of porosity of. 0.1-10 //m. 

Thirty pieces of the pellet forms are bonded to a disk 
table of 100 mm diameter. The proportion occupied by the 
pellets in the total disk area is about 50 %. Silicon wafers 
that had been lapped are polished using this polishing tool 
for 60 minutes. Polishing was carried out using an aqueous 
solution of ethylamine having a value of pH 11. 
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Microscope examination of the polished wafers shows that 
there are lesser chances of generating scratches on the polished 
surface compared with slurry polishing. The amount of 
polishing powder (silica) required is much less, and is about 
1/50 of the amount required for slurry polishing. The effect 
of this invention is obvious when the effects of cost for 
treating the waste liquid is considered. 

Amendment filed on November 28, 197 9 

(1) Specification, page 4, line 15, "this" to "one of these". 

(2) Specification, page 4, line 18, "are these" to "there are 
those made by attrition of fused silica". 
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